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The sensitivity of mink (Mustela vison) to polychlorinated biphenyls (PCBs) was identified in the early 1970s when reproductive failure of ranch mink was attributed to a diet of contaminated Great Lakes fish (1) (2) (3) . Further studies in which adult ranch mink were fed PCB-contaminated fish from Saginaw Bay, Lake Huron, showed a dose-response relationship between PCB concentration in food and reproductive failures, measured as reduced litter sizes, increased kit mortality, and reduced average kit weight (4) . Declines of European otter (Lutra lutra) populations (5) (6) (7) and North American mink populations (8, Figure 1 . Over the two seasons, a total of 26 mink and 32 river otters were collected on the three river systems. Six of the mink were not subjected to the same chemical and biological measurements described below, but are induded in the data sets regarding sex and age ratios.
Trappers were provided with collection kits to ensure consistent and adequate quality of tissue storage. Collection kits consisted of aluminum foil, garbage bags, labels for recording the date and location of collection and the sex of the trapped specimen, and detailed instructions on collection handling and storage. Skinned carcasses were frozen before shipment by air to the laboratory.
Necropsies. All mink and otters collected in the winter of 1995-1996, as well as otters collected the previous winter on the Kootenay River, were thawed and a gross necropsy performed by a veterinarian (C.RS.). The carcasses (without pelts) were sexed and weighed, and total length (nose to tip of tail) and tail length were measured. After external examination for gross abnormalities (including a count of toes), each carcass was dissected to assess organ condition and internal structure. One upper and one lower canine tooth were removed for dental cementum analysis of age (14, 15) Otters' livers were also pooled by region and analyzed at Zenon Analytical (Burnaby, BC) using high-resolution gas chromatography/mass spectrometry (GC/MS) for PCDDs, PCDFs, and co-planar PCBs (16) . Those data are induded in the Appendix.
Statistical evaluation. Biological data collected from necropsies of mink and river otters were grouped by collection region and river to permit statistical interpretation. In all cases, tests for normality and homogeneity of variances were completed, and transformations were deemed unnecessary. Organ condition or somatic indices were calculated for kidney, liver, and spleen by dividing the organ mass by a corrected total body mass and multiplying by 100. The corrected body mass was derived by subtracting the kidney, liver, and spleen masses from the total skinned carcass mass. Organ somatic indices were compared within sexes among regions using analyses of variance (ANOVA). Organ masses were also compared using the more conservative analyses of covariance (ANCOVA), with total body mass as the covariate. Where a significant difference in organ mass or somatic index was seen among regions, an unplanned multiple comparison using Tukey's honestly significant difference test (17) was conducted. Gross body measures (length and mass) were also submitted to ANOVA, grouped according to sex and region, but without consideration of age differences. When significant differences among regions were found, an ANCOVA was conducted with age as the covariate. Analyses of covariance were also conducted on adrenal, omentum, testes, and baculum masses and baculum length, with total body mass as the covariate. All tests were performed with SYS-TAT 5.0 (18) .
We tested several biological parameters for associations with each other and with contaminant body burdens using Pearson correlation matrices. Correlations were assessed for significance using a Bonferroni adjustment when more than two associations were being evaluated simultaneously. Occasionally, an association between just two variables was retested separately, in which case a Bonferroni adjustment of the probability value was not necessary.
Results
Twenty-six mink and 32 river otters were collected over the course of the two winter seasons. Sex ratios for the captured mink and otters were dominated by males; 73% of mink and 59% of otters collected were males (Table 1 ). In addition, of those individuals whose ages could be determined, the majority captured had been born within the year (i.e., juveniles). In the subsample of animals with determined ages, 74% of mink and 42% of otters were juveniles. Sample sizes were too small to compare sex or age ratios among study areas.
Hepatic chlorinated hydrocarbon contamination. Most mink livers, which were all collected along the Fraser River, contained detectable concentrations of PCBs and DDT-related compounds (r-DDT, primarily p,p'-DDE), and several also contained dieldrin ( TCCD toxic equivalents (TEQs) were calculated using the data in the Appendix, based on international toxic equivalence factors (TEFs) (19, 20) . The highest concentrations were found in an otter pool from the lower Fraser River (27 pg/g), followed by a pool from the lower Columbia River (20 pg/g) (Fig. 2) .
Morphological characterization. Reproductive tract abnormalities were seen in a few male mink and otters. In one mink and one otter, a testicle had not descended into the scrotum, but was instead located in the inguinal canal; the otter was also missing a kidney on the same side as the undescended testicle. In two mink, no testes or bacula were found. Another otter was missing one testicle and had an underdeveloped second testicle. No abnormalities were seen in the reproductive tracts of the females. Of the two female mink and four female otters known to be of breeding age, only one otter was pregnant. She carried two fetuses measuring 6 cm from crown to rump and weighing 9.9 and 10.5 g. The corpora lutea were not counted in other females, so it is not known whether they had undergone copulation and successful ovulation that year.
Three mink showed other lesions not associated with reproductive organs. One male mink had a healed umbilical infection with some associated abdominal adhesions. Another mink had a thickened, scarred area on the mucosa of its stomach, and a third had an enlarged, hemorrhagic mesenteric lymph node. There were no significant differences in average testes mass, baculum length, or baculum mass in male mink or river otters from the various collection regions (Table 4 ). There appeared to be an association between baculum size and age (juveniles vs. yearlings) in both species, but correlations were only significant in mink (mass and age: r = 0.805, p = 0.024; length and age: r = 0.774, p = 0.047). There were several strong correlations among the various reproductive organ sizes. Male mink average testes mass was significantly correlated with total body mass (juveniles: r = 0.987, p<O.001; all males: r = 0.813, p = 0.008), and baculum leng th and mass were correlated with each other (all males: r= 0.785, p = 0.015). In male otters, total body mass, average testes mass, and baculum length were all significantly associated with each other; Pearson correlations ranged from 0.696 to 0.927, with associated Bonferroni-adjusted probabilities of 0.05-0.001. Baculum mass was associated with average testes mass (r = 0.927, p<0.001) and baculum length (r= 0.866, p = 0.001), but not total body mass.
The morphological condition of sampled animals showed few differences among collection regions. Although there was a substantial amount of variability in extent of subcutaneous and intraabdominal fat deposits among animals, none showed signs of severe emaciation, such as atrophy of fat. Seven of the nine mink collected from the upper Fraser River had empty stomachs, were significantly lighter (p = 0.011, males only), and had significantly less omentum tissue (p = 0.027) than counterparts from the lower reaches of the river. However, signs of emaciation were not present. In addition, male otters from the lower Fraser had larger livers than otters from the upper Columbia River (p = 0.012), and male mink from the Kootenay had larger livers and kidneys than mink from the Fraser River (p = 0.008 and p = 0.04, respectively). No mass differences in adrenal tissue were 2.0 ± 0.02 tion (Fig. 3) , and there was no association 94.7 ± 2.1 6.6 ± 0.6 between PCBs and age. There were no other 100.5 ± 0.5 6. (24) .
Although we found some abnormalities in male reproductive systems, those individuals consistently had among the lowest concentrations of chlorinated hydrocarbons for both species. Where cryptorchidism (the incomplete descent of testicles) was observed, it was probably due to genetic defects sometimes associated with this condition in domestic animals (25) . In The combined results of biological and chemical investigations presented here suggest that the mink and river otter populations using these major river systems in British Columbia do not appear physiologically or reproductively compromised because of chlorinated hydrocarbon accumulation. However, the relationship between PCBs and mink baculum size warrants further study. Also, even without postulating a link with OC contaminants, the occurrence of potentially serious developmental abnormalities in several systems (reproductive, digestive, and renal) in a relatively high proportion (about 10%) of individuals from wild populations of both species should be investigated. Finally, carcasses from commercial trapping are biased against sampling adult females, which is likely the critical component of the population impacted by contaminants. Alternative sampling methods should be considered to better survey adult and female segments of the populations.
